Abstract. The objective of this study is to evaluate economically the passive solar heating system. Data collected from tomato greenhouses in the Agriculture Research Center of Northern Greece was analyzed. For Comparison, two other conventional heating systems were used: the traditional anti-frost system and the diesel-fired furnace system. Models have been constructed to assess each heating method and several approaches of appraisal such as net present value, internal rate of return, benefit/cost ratio and payback period were measured in order to fulfill the assessment. The importance of the passive solar system was revealed not only as an energy-saving method but also as a significant contributor to farmer's income and an appropriate system avoiding the risk of high initial investment, which is generally associated with unconventional systems. Meanwhile, it was indicated that the diesel-fired furnace system is ineffective compared to the passive solar system, this ineffectiveness is particularly due to its high fuel consumption and relatively high initial investment. Finally, sensitivity analysis highlighted the importance of the product price in affecting benefits and indicating that income will increase dramatically with earlier production.
Introduction
Out-of-season production of good quality vegetables, ornamentals, and fruit in greenhouses in the Mediterranean is greatly influenced by energy costs. Tataraki et al. (2018) have stated earlier that the greenhouse heating costs have increased dramatically and the use of other sources of energy in response to escalating costs and occasional scarcities of petroleum shall be investigated (Bustos et al., 2016) .
Several heating systems are used in the Mediterranean, it can be generally classified into conventional and non-conventional sources. Conventional sources include: Solid fossil fuels, Oil (fossils), Gas (natural) and Hydraulics. Non-conventional sources include: Solar, Wind, Biomass, Geothermal and Waste and reject energy (Balana et al., 2015) .
Methods of investment appraisal which takes into account the time value of money are based on compound interest principles. The Net Present Value (NPV) method involves calculating the present value of a project's cash flows, both positive (inflows) and negative (outflows). Buchholz et al. (2017) defined the NPV of a project as the difference between the present values of its future cash inflows and outflows: all annual cash flows should be discounted to the zero points in time (the start of implementation) at a predetermined discount rate (Gautam et al., 2017) .
Another way of using discounted cash flows to measure the overall of a project is to find the discount rate which makes the NPV of the cash flow equal to zero. This
Production and gross returns
A comparison of production and gross returns were made between the three greenhouses. The output of each greenhouse was the statistical mean of the production of tomatoes for three years (2012) (2013) (2014) . Production and gross returns were estimated for the total area of each greenhouse.
Fuel consumption
Annual fuel consumption was estimated as the average fuel consumption for the three years for each greenhouse for tomatoes and the average of two years for melons for each greenhouse.
Labor costs
Labor costs intervene in this analysis, particularly in the installation cost of the three systems in consideration, and especially for the PSS, which is more time-consuming. It intervenes also in the harvest costs.
Maintenance costs
Maintenance costs apply, especially to the PSS. At the beginning of each season, farmers need to fill the plastic tubes and position them, and later empty them and prepare them for the next season. AFS and DFS also have maintenance costs, but these were considered negligible in the calculations.
Models
The problems were formulated to allow the determination of the NPV as a measure of investment worth and to permit comparisons with investment alternatives. Partial budgeting procedures were used in which values with and without the PSS in the first case and with and without the DFS in the second case were used to calculate the NPV and other economic parameters: IRR, benefit/cost ratio and pay-back period (Udayakumara and Gunawardena, 2018) .
Model for evaluating the PSS
Simulation methodology was used to evaluate the worth of the investment under various influences occurring in the Thessaloniki region. Three factors as having a major impact on the production benefits (Levidow et al., 2014) were incorporated into the analysis: (1) recoverable yield, which increases with suitable temperature; (2) fuel consumption, which depends on the type of heating system; (3) price of the crop, which varies over the harvest period, with generally higher prices earlier in the season. Following Boardman et al. (2017) , the effect of inflation was ignored by assuming that it acts in the same way on revenues and costs and the effects cancel each other. The specific expression was extracted from that utilized by Elhag (2017) ; and where: Pi = price of the crop on Day i (dr/kg); Qis = production of greenhouse S on Day i (kg); Qic = production of greenhouse C on Day i (kg); H = fuel price (dr/1); Fc = annual quantity of fuel used in greenhouse C (1); Fa = annual quantity of fuel used in greenhouse S (1); K = harvest costs (dr/kg); Qa = annual production of greenhouse S (kg); Qc = annual production of greenhouse C (kg); n = number of harvest days.
Model for evaluating the DFS
This model was similar to that used for the PSS, with certain parameters altered, such as the life of the system and the electricity needed to operate it. The assumptions used for the evaluation of the PSS were also made.
The NPV was determined by considering the monetary flows of the two greenhouses F and C, using the following expression which also extracted from that utilized by Agil and Hosseinian (2014) and modified to the needs of the problem:
where: IF = purchase price, including the cost of installing the DFS, for a 0.1 ha greenhouse; ICi and IC5 = purchase price, including the cost of installing the AFS in years one and five for a 0.1 ha greenhouse; ARt = additional annual returns; CFt = additional annual fuel expenses; AEt = additional annual harvest costs; ECt = annual electricity consumption by the furnace; R = interest rate; t = year of operation; http://www.aloki.hu • ; and where: Pi = price of the crop on Day i (dr/kg); QiK = production of greenhouse F on Day i (kg) Qic = production of greenhouse C on Day i (kg) H = fuel price (dr/1); Ff = annual quantity of fuel used in greenhouse F (1); Fc = annual quantity of fuel used in greenhouse C (1); K = harvest costs (dr/kg); Qf = annual production of greenhouse F (Kg); Qc = annual production of greenhouse C (kg); n = number of harvest days.
Results

Evaluation of the PSS
Variables used in the evaluation of the PSS with no distinction between varieties are depicted in Table 1 . This evaluation is based on the application of the model which gives the NPV. Interest is high in Greece: an annual rate of 20% was assumed (R = 0.2). An assisted computer program was used for financial analysis; the application of the discount cash flow approach is illustrated in Table 2 .
NPV
The formal selection criterion for NPV is to accept all investments with a positive NPV. The use of the PSS, over an 8-year period, produced an NPV of almost 5,500.0 euro, indicating a significant increase in earnings of greenhouse farmers and a contribution to energy saving. 
IRR
The IRR was not taken into consideration because all the terms of the discounted cash flows are positive ( Table 2 ). In this case, the NPV is positive at each value of interest rate, so that the NPV does not cross the interest rate axis and the determination of the IRR is impossible.
Benefit/cost ratio
The evaluation of a project by the benefit/cost ratio method requires acceptance of the project if the ratio is greater than one. The ratio here was 4.5, confirming the NPV method and indicating the profitability of the PSS when it replaces an AFS.
Evaluation of the PSS by variety (Arietta)
The evaluation of the PSS for each tomato variety is similar to that above, which did not distinguish between varieties; the only change concerns the additional annual returns (AR) and the additional annual harvest costs (AE). Financial analysis for each variety is presented in Table 3 and the financial analysis of Arietta variety is presented in Table 4 . The determination of the IRR is impossible for all varieties since the terms of the discounted cash flows columns are positive so that the NPV will never be zero.
Evaluation of the DFS
Several parameters were determined before calculation, summarizing the variables included in the case of no distinction between varieties ( Table 5) . As in the case of the evaluation of the PSS, the discount rate was assumed to be 20% and an assisted computer program was used to determine the parameters (NPV, IRR, and benefit/cost ratio). Table 6 summarizes the discounted cash flow approach. 
NPV
The application of the model leads to an NPV of -18.28 euro. Thus, there is no need, in terms of profitability, to replace the AFS by the DFS despite its effectiveness in increasing production and gross returns.
IRR
Here, the conditions of Vafaeipour et al. (2014) for the existence of the IRR are satisfied; the IRR was 0.196, slightly lower than the assumed discount rate.
Benefit/cost ratio
Using the benefit/cost ratio to evaluate the DFS, a ratio of 0.997 was found. This value is less than one, so this system did not add anything when it replaces the AFS. This confirms the results for NPV and IRR, which also showed the ineffectiveness of the DFS compared with the AFS.
Pay-back period
The stream of expected proceeds was not constant from year to year. The pay-back period was determined by adding up the proceeds expected in successive years until the total was equal to the original outlay. Subtracting cash inflows from cash outflows (Table 6) showed that investment will be covered by the returns after 5 years, which is the pay-back period.
Evaluation of the DFS by a variety
The only changes concerned the AR and the AE. Financial analysis for each variety is presented in Table 7 and the financial analysis of Arietta variety is presented in Table 8 in which NPV, IRR, benefit/cost ratio and pay-back period are illustrated. Thus, it is profitable to replace the AFS by the DFS only for arietta; NPVs for the other varieties were negative, varying between -1162.29 euro (dombo) and -223.85 euro (ramy), the IRRs were lower than the assumed discount rate (20%), and the benefit/cost ratios were less than one. The implementation of the DFS was also characterized by a long pay-back period, more than 8 years for dombo.
Risk and uncertainty
Because the PSS appeared to be an efficient method for greenhouse heating, NPVs were estimated by assuming changes in certain critical factors expected to affect the results such as discount rate, fuel price, and product price. The analysis did not distinguish between varieties. 
Effect of the discount rate
To determine the effect of the discount rate on the NPV, decreases, and increases in this discount rate were examined. Thus, the NPV is related to the discount rate: when this rate decreased by 50%, the NPV increased by 39%; the NPV increased by 6% when the discount rate decreased by 10%. However, when the rate increased by 10%, the NPV decreased by 5.5% and a 50% increase in the discount rate caused a 24% decrease in the NPV. Such changes in the interest rate are more significant when the percentages are lower (Fig. 1) . 
Effect of the fuel price
The effect of the fuel price on farmer income with the PSS instead of the AFS is summarized in Figure 2 . The effect of a change in the price of fuel on NPV is not important: an increase of 10% caused an increase of 1%, and a decrease of 10% caused a decrease of 1%. The relationship between fuel price and NPV is linear so that the NPV increased by 5% when the fuel price increased by 50%. The effect of fuel price on NPV is considerable when a DFS is used. In this case, an increase in fuel price affected dramatically and negatively the benefits obtained by farmers utilizing the DFS: an increase of 10% caused a decrease of more than 1500% in the NPV. 
Effect of the product price
The product price is an important factor which affects the NPV. To demonstrate this effect, the NPV was calculated for decreases and increases in price (Fig. 3) . Product price has a considerable effect on NPV since an increase of 10% caused an increase of 11% in the NPV. There is a linear relationship between product price and NPV, so that if the price increases by 50%, the NPV increases by 55%.
Generally, renewable energy sources require a large initial investment, but they have relatively low operating costs. The PSS significantly reduced energy consumption. The reduction in fossil fuel needs was from 80% compared with AFS to more than 2000% compared with the DFS. For an initial investment, the PSS is only 17% of the cost of the DFS, and slightly higher than the AFS. Besides its low initial investment, the PSS also has the advantage of low annual costs (13% that of the DFS and 63% that of the AFS). http://www.aloki.hu • 
Discussion
The effect of heating systems on production and gross returns
The effect of the heating methods was that greenhouse C (AFS) had the lowest annual average production for tomato crop, greenhouse F (DFS) was 10% for tomatoes, greenhouse S (PSS) had the largest annual average production for both crops. The low production of greenhouse C was due to inefficient heating which did not maintain a uniform temperature and which may have damaged the plants (Wright, 2012) .
The heating systems permitted early production which led to higher market prices. The average market price for crops grown in greenhouse C was the lowest particularly because of the competition from other field crops; since the harvest in this greenhouse started at the end of May for tomatoes (Dannehl et al., 2012) .
Furthermore, gross return of tomatoes in greenhouse S was 23% greater than that in C, in agreement with Esen and Yuksel (2013) , who stated that gross return of tomatoes in greenhouse with the PSS exceeds that in the control by an average of 22%, gross return in greenhouse F exceeded that of C by 19%. However, in term of production, those percentages were only 16% and 10% respectively. Gross return of melons in greenhouse F was 50% greater than that of C, with 44% more production; greenhouse S was 66% and 60% more in gross return and production, respectively. These results show how early production allows farmers to exploit the higher market prices; the earlier the production, the higher the market price achieved, this accords with Gandhi and Zhou (2014) , who stated that early production permits to increase dramatically gross return. http://www.aloki.hu • 
Evaluation of the considered heating systems
The analyses of production and gross returns show that the PSS and the DFS should be accepted over the AFS for greenhouse heating. This acceptance should be affirmed by a financial analysis which permits the adoption or the rejection of technological innovation, which is determined not by its contribution to the increase of production or to the increase of output value, but by the magnitude of the net benefits that can be provided (Cerón-Palma et al., 2012) . It was clearly seen that it is on the profit of the farmers to replace the AFS by the PSS, since the NPV is positive and equal to 5500 euro in the case of tomatoes over an 8-year period (2012-2014), with 2012 as the base year.
Presented results indeed manifest PSS's importance as a significant contributor to farmer's income, thus a farmer with a 0.1 ha greenhouse cultivated with early spring tomatoes, will add annually about 750 euro just by utilizing the PSS and the greater the area cultivated, the greater the income added, thus a farmer who has five 0.1 ha tomato greenhouse will add approximately 3650 euro/year to his net benefits just by introducing this renewable energy-saving method (Jamel et al., 2013; Nabat et al., 2015) .
As well as the NPV method, the benefit/cost ratio which was greater than 1 for the tomato crop indicates the importance of this system, the pay-back period is so short (less than one year) avoiding the problem of risk and confirming the decision provided by the previous discounted techniques (NPV and benefit/cost ratio) this is especially due to the low initial investment and fuel consumption characterizing PSS. The IRR method was not taken into consideration because this investment project does not meet the conditions imposed by Vafaeipour et al. (2014) .
Besides its effectiveness in term of income and net benefits, the PSS presented the advantage of an energy-saving method which is very important particularly for a country like Greece, which is characterized by its heavy dependence (more than 70%) on primary energy from imported oil (Mourmouris and Potolias, 2013) and (Markaki et al., 2013) , thus the reduction in fuel consumption was more than 20 times when compared with the DFS in the case of tomatoes.
On the other hand, the implementation of a DFS for heating tomato greenhouses against an AFS is not profitable: NPV was negative, IRR was lower than the assumed discount rate, benefit/cost ratio was less than one and pay-back period of 5 years is relatively long compared to the project life, at a much higher risk characterizing this system (Mehrpooya et al., 2015) . The exception of arietta variety which had a positive NPV and an IRR greater than 20% and a relatively short payback period is especially due to its considerable difference in term of production between greenhouses F and C, which permitted to produce higher additional annual returns (AR) (Mekhilef et al., 2013) .
It is important to note that despite its effectiveness in term of production and gross returns, the DFS did not provide any benefits for farmers when it replaces the AFS, this is particularly due to its relatively high initial investment and its large fuel consumption (Sueyoshi and Goto, 2015) .
Sensitivity analysis
Sensitivity analyses were performed by varying certain critical factors such as discount rate, fuel price and product price over the range established, keeping the other http://www.aloki.hu • variables at base case levels, this showed how the value of the NPV changes with variations in the value of any variable. Product price was the most important factor affecting the NPV: a price increase of 10% caused an increase of 11% in the NPV for tomatoes, and there was a linear relationship between product price and NPV, in an agreement with Vafaeipour et al. (2014) , who stated that product price appears to cause the greatest effect on estimated income benefits. Thus farmers should choose the most appropriate heating system to have early production and therefore higher prices and benefits (Orgerie et al., 2014) . However, an increase in fuel price decreases income significantly when a DFS is used against an AFS; an increase of 10% caused a decrease of more than 1500% in the NPV of tomatoes, increasing risk associated with the implementation of the DFS because fuel prices generally increase with time, especially for oil-importing countries such as Greece (Markaki et al., 2013) .
The NPV is also related to the discount rate: an increase of 10% caused a decrease of 6% in the NPV's of tomatoes. It is also important to note that a change in the discount rate is more significant in the case of negative change: for example, when R increased by 50% (R = 30%) NPV decreases by 24%, but a decrease of 50% (R = 10%) caused an increase of 39% in the NPV, giving an advantage to farmers from countries with lowinterest rates (Vadiee and Martin, 2014) .
Risk and uncertainty associated with renewable energy
In contrast to the use of fossil fuel energy sources, renewable energy sources generally require a large initial investment because of the large initial costs. This is especially important in countries which have high-interest rates (Mohammed et al., 2014) . The relatively large initial investment required means that such projects will have relatively long pay-back periods and therefore, they involve much higher risk than that associated with fossil fuels (Castilla, 2013) .
Renewable energy projects also face uncertainty regarding possible changes in economic conditions between the time the initial investment takes place and the length of the project's useful life. Of course, there is a wide range of risk associated with different renewable energy sources. Economic uncertainty is mainly due to possible changes in future energy prices. For example, few who anticipated the decrease in crude oil prices in 1985 and 1986, and many analysts were surprised to discover that 1986 real oil prices were at the pre-1973 level (Xu et al., 2014) .
PSS differs from other renewable energy systems in that it has a low initial investment (17% of that of conventional DFS), thus indicating its advantage in avoiding the risk of high initial investment which is generally associated with renewable energy (Mourmouris and Potolias, 2013) . In term of operating costs, the PSS has the advantage of renewable energy sources, which are characterized by the low operating annual costs. Thus by the low initial investment and the low annual costs, it may be useful to encourage the use of the PSS for greenhouse heating (Foteinis and Tsoutsos, 2017) .
Conclusions
The evaluation of the current system in comparison with the most common nonrenewable greenhouse heating system revealed its importance not only as an energysaving technology, with considerable reductions in fossil fuel consumption, but also as a significant contributor to farm income. The implementation of the passive solar system http://www.aloki.hu • instead of the traditional anti-frost one has dramatically increased production and gross returns particularly through its promotion of early production. The financial analysis which is based on different methods used as a basis on which to assess the investment profitability of a project (NPV, IRR, benefit/cost ratio and pay-back period) demonstrated that the adoption of the passive solar system significantly increases the earnings of greenhouse farmers. This study also revealed the advantage of this system in avoiding the risk of high initial investment which generally associated with renewable energy systems, and sensitivity analysis indicated the importance of product price in affecting benefits, thus early production allows farmers to exploit the higher market prices. This system is appropriate for any region whose climatic conditions are sufficiently similar to those of northern Greece. Financial analysis also revealed that investment in a diesel-fired furnace system did not provide any considerable benefits when it replaces an anti-frost system; its inefficiency is particularly due to its relatively high initial investment and its large fuel consumption. For further consideration where the costs are not the only issue, the major obstacle to the wide application of renewable energy sources is higher risk and, uncertainty and not simply the cost of the energy utilized. Therefore, the main role of the public in such projects should be directed toward sharing some of the risk involved in construction and the operation.
